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Abstract
Despite the current good level of annotation, the Drosophila genome still holds surprises. A
recent study has added perhaps 2,000 genes to the predicted total, and raises a number of
questions about how genome annotation data should be stored and presented. 
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As sequenced and assembled whole genomes first began to
appear in earnest, there was much discussion about the
number of genes in those genomes, usually accompanied
by comments about the surprisingly low numbers of genes.
Just how fuzzy those numbers are is not generally appreci-
ated. The well-annotated Drosophila genome [1,2] is a
blessing for Drosophila scientists, who make choices every
day on the basis of predicted genes - from picking the
exons to sequence in the hunt for the genetic lesion in a
favorite mutant, to designing elements for a microarray. As
good as this annotation is, Hild et al. [3] show, in this issue
of Genome Biology, that we still have no clear idea how
many genes there are in Drosophila. This should be a little
sobering, as the picture for most other sequenced genomes
is even less clear. 
The goal of annotation is to map features on the genome,
initially focusing on developing models for genes that
encode proteins. Good annotation requires an assembled
sequence and a repository of the evidence for important
genome features such as transcripts and sequence homolo-
gies to known genes. The annotation itself adds critical and
explanatory notes to the genome. Thus, annotation is an
executive decision about the relevancy, accuracy, and
quality of the evidence, and by definition exposes the cura-
tor’s point of view. The current Drosophila genome anno-
tation (Release 3.1, housed at FlyBase [4]) is conservative.
The Hild et al. [3] annotation is not.
Hild  et al. [3] used a more loosely tuned gene-finding
algorithm than previous annotations, and in total this gener-
ated around 22,000 gene models, including nearly all of the
approximately 14,000 Release 3.1 genes. It follows that the
price one must pay for exposing more of the genes is the
generation of more false gene models, in a classical sensitiv-
ity/specificity tradeoff. In order to test the more loosely
generated models systematically, Hild et al. amplified a
genomic region corresponding to each model and used the
amplicons as elements on an array to probe for expressed
RNAs. They then asked how many of the predicted genes
produce transcripts. Microarrays are not sufficiently sensi-
tive to detect every real transcript, and detection of a signal
is not always definitive, but detection is very strong evi-
dence in support of RNA synthesis directed by the genome
segment in question. Using this metric, around 75% of the
predicted genes common to Release 3.1 and to the study by
Hild et al., and around 50% of the predicted genes unique
to Hild et al., are transcribed at some point in the
Drosophila life cycle. Spot-checking by reverse-transcrip-
tase-coupled PCR and in situ hybridization suggests that
there are no systematic problems with the array results.
Thus, these data strongly suggest that there are many tran-
scribed regions of the genome that fall outside of the
Release 3.1 predictions. The lower detection frequency in
the Hild et al. unique set than in the set shared with Release
3.1 also indicates that there is more ‘chaff’ as one loosens
the gene calling. While finding a transcript is good evidence for the presence
of a gene, not all transcripts are from genes - depending on
what you call a gene [5], the range of transcriptional noise,
and a host of other debatable points. While deciding what
qualifies as a gene is non-trivial, there are a number of ways
to assay for functional importance. A particularly stringent
phenotypic test involves asking whether a given transcript is
required for cell viability. The amplicons used in the Hild et
al. microarray form a core set of reagents for genome-wide
assays for phenotypes by RNA interference (RNAi) at a
newly opened screening center [6]. RNAi is a powerful
method for dramatically downregulating the steady-state
levels of a given transcript [7]. Systematic RNAi experiments
show on tissue-culture cells that transcripts from about 3%
of Release 3.1 predicted genes and approximately 1% of the
transcripts from the Hild et al. predicted genes are required
for Drosophila cell viability. Thus, there are genes required
for the viability of tissue culture cells that evaded annotation
in Release 3.1. Clearly, gene models with supporting evi-
dence for transcription, regulated expression in space and
time, and genetic function are worth annotating. On the
basis of this extensive set of tests, Hild et al. [3] make some
rough calculations and suggest that there are at least 2,000
new genes to add to the Drosophila total. 
Finding genes without simultaneously collecting large
amounts of useless information is hard. Are more genomes
the solution to gene finding? The highly anticipated
sequenced genomes of many related Drosophila species [8]
will certainly be extremely important for informing the
annotation of Drosophila melanogaster [9]. Sequence simi-
larities and the relative ease of determining sequence quality
will make comparative genomics evidence strong. But, as is
pointed out by Hild et al., it may not be a panacea: most of
the novel predictions of Hild et al. do not show good
sequence conservation between Drosophila melanogaster
and other genomes, including those of insects. There are
probably several reasons for this. Not all the genes in a
genome evolve at the same rate or have the same sequence
constraints. One can also imagine situations where the act of
transcription carries the genetic function (to promote or
block the access of transcription factors to DNA sites, for
example). More genomes is not enough.
The biology of the organism drives the annotation of its
genome. The work by Hild et al. on Drosophila and recent
work on mammalian genomes clearly points out the value of
experimental data in making the distinction between genes
and chaff [3,10,11]. We should extend from Hild et al. and
tackle the genome head-on. We should be using a
Drosophila tiling-path resource (covering the whole genome
with amplicons or oligonucleotides rather than sampling
only the gene models) for mapping transcripts and for sys-
tematically covering the genome for function via RNAi
experiments. We can also use tiling-path arrays to map the
‘chromatin code’ of DNA-associated proteins and the in vivo
occupancy of transcription factors, via procedures such as
chromatin immunoprecipitation, as well as to map the
replication origins. This need for more data has been recog-
nized by the NIH, which has launched a project called the
Encyclopedia of DNA Elements (ENCODE [12]) for the
human genome. The main idea behind ENCODE is to
develop and validate new computational and experimental
means for finding genes and other important features in the
human genome. The tremendous effort that goes into
sequencing genomes justifies similarly large-scale efforts to
map features onto the sequenced genomes.
The hunt for genes in Drosophila will go on and the evidence
will accumulate - which is a problem in and of itself. The
Hild et al. annotations are available on a website at Heidel-
berg [13] and at the Third Party Annotation database [14].
The latter is preferable, as academic and commercial web-
sites with large datasets are not always stable, despite the
good intentions of the scientists. There is also a potential
problem of too many informed opinions. Multiple versions
of the Drosophila genome annotation from this and future
studies could create confusion in the user community and
hinder the cross-referencing of large datasets. Perhaps
FlyBase [4] should maintain the gold standard of genome
annotation, displaying the high-confidence gene models
(some more of which will be generated as a result of the
study by Hild et al.) in the front window. The equally impor-
tant need to access the lower confidence information, prefer-
ably with associated confidence scores, could be met either
by supplying access to evidence from FlyBase, or from the
Third Party Annotation database or an equivalent ‘boutique’
database. Regardless of how this dual requirement for con-
servative annotation and access to the rawer evidence is
handled, the problem of data management will continue to
grow, as we slowly approach knowing how many genes there
are in a fly. Those facing the more daunting human genome
annotation should closely watch how the Drosophila com-
munity approaches these problems.
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